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Abstract -The photoluminescence decay times in GaAsIAlGaAs multi quantum well structures with layer thickness between 2.5nm and 15nm are investigated in the temperature range of 5K to 100K. A pronounced increase of the decay times with increasing temperature is found for all samples. This increase of the decay times is attributed to a reduction of the free exciton transition strength due to an increase of the homogeneous linewidth by acoustic phonon scattering.
Excitons in quasi two dimensional (2D) semiconductor structures like GaAsIAlGaAs multi quantum wells (MQW) exhibit strongly modified optical properties as compared to the bulk (3D) case due to confinement effects [l] . Most evident is the increase of binding energy corresponding to a decrease of the exciton Bohr radius. The radiative recombination in QW at low temperature is governed by excitonic recombination, however, the excitonic luminescence in thin QW ( 5 10nm) generally is red shifted with respect to the absorption spectrum. This red shift of the photoluminescence (PL) has been attributed to localization of excitons within island like well width fluctuations and/or binding at interface defects [ 2 ] . Localization due to well width fluctuations leads to inhomogeneous broadening of the exciton as long as the diameter of the islands are smaller than the diameter of the excitons [3] .
Instead, separated exciton lines can be resolved-, if the island size is much larger [ 4 ] . It has been argued that this localization severely affects the radiative recombination probability of excitons, similar to the case of 3D bound excitons.
In this paper we report results on the temperature dependence of the PL decay times, which demonstrate that the recombination strength of excitons in MQW is governed by the properties of the free quasi 2D exciton.
The experimental results for the thickness dependence of the PL decay times for different samples are summarized in Fig.1 . The PL measurements are performed by exciting the MQW samples with picosecond pulses of a synchroneously pumped dye laser ( h w < E g ,~l~a~s ) ' The samples are mounted in a variable temperature cryostat. The spectrally integrated PL signal is detected with a synchroscan streak camera with a time resolution of 20ps. We find an increase of the PL decay times T from about 0.311s for Lz=2.5nm to about 1.711s for actually is even slightly larger than a factor of 4, which would be expected for a transition from a hydrogen like 3D exciton with Bohr radius a, to an ideal 2D exciton with Bohr radius ao/2. A more realistic discription of the exciton in QW, however, has to take in account the real valence band structure and its complicated dependence on LZ.
A decision on the importace of localization effects on the recombination lifetimes cannot be drawn from the low temperature data alone. Further insight into the recombination mechanism, however, can be obtained by investigating the temperature dependence of the decay kinetics. The decay times are expected to be independent of temperature for excitons bound at impurities or localized within well width fluctuations and only the intensity should decrease according to thermal ionization of bound or localized excitons. In contrast, the free exciton radiative decay time should depend o n temperature as illustrated briefly in the following:
The oscillator strength per unit cell of a free quasi 2D exciton is given by where Mcv is the dip01 matrixelement, n is the volume of the unit cell and a(LZ) is the "in plane" exciton Bohr radius. If the K=O exciton state is considered only -which would correspond to a 6-like absorption or emission line-all N unit cells of the entire QW contribute to the optical transition. This leads to the transition strength where A is the QW area given by N.n/LZ and f, contains the remaining factors of Eq.(l).
In a realistic case, however, the exciton lineshape is not 6-like but is intrinsically determined by the homogeneous linewidth A(T), due basically to acoustic phonon scattering in the temperature range below 80K [ 6 ] . An effective oscillator strength for the exciton may then be obtained by sharing the K=O oscillator strength Eq.(l) equally amongst all states within the spectral width A(T). Furthermore we finally have to consider that only a fraction r(T) of excitons within d(T) as determined by their thermal distribution can contribute to recombination. Using Boltzmann statistics for the distribution function of excitons and taking into account the energy independent 2D density of states we obtain a temperature dependent effective transition strength The results for the temperature dependence of T for MQW samples with different LZ are summarized in Fig.2 . The decay times in fact increase almost linearly with temperature in all samples in accordance with the predictions of Eq.(3). We therefore conclude that the radiative recombination in MQW at low temperatures is governed by the properties of the free quasi-2D exciton.
In summary we have studied the dependence of carrier lifetimes o n temperature for GaAs/AlGaAs MQW with different LZ. We find a pronounced increase of the PL decay times for all samples which is attributed to the increase of the homogeneous linewidth of the exciton. We conclude that the excitonic decay in MQW at low temperatures (T<100K) is governed by the properties of the free 2D exciton.
